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Abstract 

A geometrical construction of superconformal transformations in six dimensional 
(2,0) superspace is proposed. Superconformal Killing vectors are determined. It 
is shown that the transformation of the tensor multiplet involves a zero curvature 
non-trivial cochain. 
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1 Introduction 



Many reasons motivate the study of supersymmetric six dimensional chiral theo- 
ries with sixteen supercharges [|T|. The more recent one is that the worldvolume 
of the five-brane 0, ^, |], [5|, |(| of M-theory is described by such a theory. 
Not much is known about M-theory besides that it contains membranes and 
five-branes and that by compactification it reduces to superstring theory. A re- 
cent conjecture by Maldacena || states that M-theory on AdS? x S 4 with radii 
R sp h = RAds/2 = IpinN) 1 / 3 (l p is the eleventh dimensional Planck length) is dual 
to the superconformal worldvolume theory describing N coincident five-branes. 
Some consequences of this conjecture were examined in [[J. The study of six 
dimensional (2,0) theories may thus provide important clues concerning the still 
mysterious M-theory. Another conjecture on M-theory is that of Matrix theory 
[ |lO|j ; here too, (2,0) six dimensional theories appear from Matrix theory compact- 
ified on T 4 |Tl|. 

The aim of this paper is the geometrical study of six dimensional (2,0) theo- 
ries in superspace. The (2,0) multiplet contains five scalars, one Weyl-symplectic 
Majorana spinor and an anti-self dual three form [ I2"f . In section 2, we recall 
the superfield description of this multiplet [|13| with one superfield in the vector 
representation of the i?-symmetry group SO (5). This superfield is subject to 
a constraint which, as shown in section 2, reproduces the correct multiplet and 
the equations of motions. In section 3, we show that there exists an alternative 
formulation with the aid of a closed super three-form which is subject to some 
constraints. These constraints are somewhat similar to those of the 10D super 



Yang-Mills constraints [|14| and to the six dimensional (1,0) constraints for the 
tensorial multiplet |15 . For (1,0) six dimensional theories it is possible to find 
nontrivial sigma models living on a quaternionic target space ||16|| . In section 4, 
we show that a generalization to sigma models of the free theory leads only to 
trivial conformally flat target spaces. This illustrates the rigidity of (2,0) theo- 
ries. In section 5, we define superconformal transformations as supercoordinate 
transformations leaving the super-flat metric invariant up to a scale. A similar 
construction for N=l 4D theories is considered in [DJ] and references therein. We 
calculate the resulting super-Killing vectors and show that their Lie algebra is 
that of OSp(6, 2 1 2). An algebraic construction of the superconformal (2,0) algebra 
was given in ref Jl8| , it relies on the triality property of the six-dimensional con- 
formal group 50(6, 2) and results in the orthosymplectic group OSp(6, 2|2). Our 
geometrical construction provides a realisation of the generators of OSp(6, 2|2) in 
superspace and facilitates the study of superconformal invariance in a manifestly 
supersymmetric context. In section 6, we determine the transformation of the 
scalar superfield under superconformal transformations. We find that this trans- 
formation involves a zero curvature 1-cochain on the superconformal Lie algebra. 
We determine explicitly this cochain and show that it is non-trivial. We illustrate 
the usefulness of the formalism of section 3 by showing that the transformation 
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of the super-three form is purely geometrical and simpler than that of the scalar 
superfield. We collect our conclusions in section 7. Our notations and some 
technical results wich are used in the text can be found in the Appendix. 

2 Free supermultiplet 

The on-shell (2,0) supermultiplet comprises five scalars 0' transforming as a vec- 
tor of 50(5), one symplectic Majorana-Weyl fermion and a two-form with self 
dual field strength. The goal of this section is to provide a manifestly super- 
symmetric description of this muliplet One may try to consider a scalar 
superfield transforming in the 5 of SO (5) whose 9 = component is the scalar 
field. Such a superfield would have the general form| 

$ l (x,#) =<f> i {x)+6il> i + ..., (2.1) 

where . . . stand for terms with two and more 9. We see that at the one 9 level 
we have five independent fermions. Since the on-shell supermultiplet has only 
one fermion we have to constrain the superfield in such a way that only one out 
of the five ip l be independent. An SO (5) covariant way of doing this is to impose 
that 

f = r> with V = (2.2) 
5 

Note that ip l may be written as the 9 = component of D & $ 1 = (da — (T^9)ad IM )§\ 
so that a manifestly supersymmetric and SO (5) covariant constraint on the su- 
perfield is 

D¥ = -TTjD^, (2.3) 
5 

or equivalently 

D& = -T\D&. (2.4) 
4 J 

When indices are made explicit this constraint reads 

D aa & = \{f 3 ) a b D ab &. (2.5) 

Our notations can be found in the appendix. The rest of this section is devoted 
to the analysis of the constraint fl2.5|). We will show that it reproduces the (2,0) 
supermultiplet and the equations of motion. 

2 In ref the scalar superfield is in the antisymmetric representation of Sp(2), $[„&]. It is 
related to ours by <I> 4 = {7') a b^ ab] ■ 
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Let \1/ Qa = ( , yi)J'D a b^ l /5 then the supersymmetric transformation of <p l is 
given by the 9 = component of _D$* = V 1 ^. In order to get the quadratic terms 
in 9 we take the Dpi, of the constraint ( [2.5| ). The following decomposition of the 
product of two derivative is useful 

DaaDfSb = — (7 M )[a/3]^[a6]<9 M + Q[ab]D( a p) + (7*) H A(a0) + ) (06) ^[u] [a/3] > (2-6) 

where (a/3) or [a/3] means that the quantity is symmetric or antisymmetric. The 
quantities appearing in ( |2.6| ) are defined , for N = 0,z and ij, by 

D Na0 = ^[D aa ,D pb ]( lN ) ba (2.7) 
Taking the supersymmetric derivative of ( |2.5|) and using the identities 



7 i V = 2V b V 1 -^'mn7 mn > (2-8) 
7°7« = ^7™ + 4 r/ [ W ] *] + 2 ?7 ( 2 -9) 
we get the following equations 

= 0, D k{aP) & = pk j D i(af3) ¥, (2.10) 

Dkl[af3] & = \ WWapd^ - Vl j Wap9^ k ) . (2.11) 

Taking the 9 = part of these equations shows that the only new field that 
appears at this level is the 9 = component of 

H aP = D i(al3) ¥. (2.12) 

Regarded as a matrix, this superfield H can be decomposed in the basis made 
by the antisymmetrised products of the Dirac matrices. Taking into account 
the symmetry and chirality properties (a and j3 are both of the opposed chiral- 
ity compared to the #'s), only products of three Dirac matrices appear in this 
decomposition. So H is equivalent to an anti self-dual three-form given by 

^7w/Lt2M3 — (1^1^21^.3) H a p. (2.13) 
h^ lfl2 ^ 3 is anti self-dual because 

when acting on chiral spinors. In order to get the transformation of the spinor 
ip, we take the supersymmetric derivative of the equation \1/ = / -y i D§ l /5 to get 

Dp b V aa = -(7 At )[/3a](7 i )[H 5 M $i + \^[ba}Hp a . (2.15) 
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In order to look for possible new fields at the level of the product of three 0's 
we have to calculate the supersymmetric derivative of H a p. The consistency of 
( |2.15| ) gives 



2 (r% c/3b d^ aa - {Vn pbaa {^)c d d^ ld - {Tn icaa {n)b d d^p d 

— -^p-abD^cHpa — -Q ac D/3 b H la = 0. (2.16) 

Taking the symmetric part in ac and multiplying by (Q' 1 ) 1 " 1 we get 

D ia H aP = 5(YUd^ aa + 5(^% a d^ Pa (2.17) 

which gives the supersymmetric transformation of the three-form and shows 
that no new degrees of freedom appear at the three #'s as well as at higher 
levels. Multiplying ( |2.17| ) by C af3 gives the equation of motion of the fermion 



7 At <9 A1 \I/ = which when used in (|2.15| ) gives the bosonic equations <9 M <9 M $* = 
and ^ ^dyHup = 0. The simplest way to obtain the latter is to notice that 

H aP = ~D^ a b (2.18) 

and use the Dirac equation. The equation of motion of H a p reads for the three- 
form h defined in ( |2.13| ) as dh = d*h = which gives the Bianchi identity and the 



equations of motion of the three-form. This equation assures that the three-form 
h is the field strength of a two-form which can be identified with the two-form of 
the tensoriel supermultiplet. It remains to prove that equations (|2.16|) have no 



other content than equations ( |2.17| ). This is easily proved when the relation 



(l l ) ab (li)c d = 25 a d Q cb - 25 b d Q ca - 5 c d Q ab (2.19) 

is used. 



3 Super two-form 

In this section we formulate the (2,0) free theory with a super two-form B = 
\B MN E M E N with field strength H = dB. Here M = (//, a), E" = dx» - 6T»d6 
and E a = d9 a are the basis of 1 super-forms invariant under global supersymme- 
tries. In a way similar to Yang-Mills theories JR], we impose the constraints 

H &h = 0, (3.1) 
= (VO^*, (3.2) 

and solve the Bianchi identity dH = 0. Here $ l is a scalar superfield which 
belongs to the vectorial representation of 5*0(5). We shall prove that we can 
identify $ l with the scalar superfield $ l of the previous section. 
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Terms with four spinorial indices in the Bianchi identity give H^^V 1 )^^ = 
which is satisfied thanks to the relation 

(r*W(nK) = 0, (3.3) 

which is proved in the Appendix. 

Terms with three spinorial indices in the Bianchi identity give 

D(aH $ ^ + 2H M& (n h) = 0. (3.4) 
Taking into account the Dirac matrices property 

^^ &0 (nsx ) + (n & (^hx ) = o, (3.5) 



which is proved in the Appendix, the solution to (|3.4j ) can be given with the aid 
of a spinorial superfield as 

2^ = (3.6) 

D^H &h = (r^(r%*% (3.7) 

Comparing (3]7) with (|3.2|) we see that $ l and \E' a must be related by 

(P)/* = D& & 7 (3. 8 ) 



which is equivalent to the constraint (|2.5| ) obeyed by the scalar superfield 
allowing us to identify the two. 

The terms with two spinorial indices in the Bianchi identity lead to 

V^49 + D (* H ^ - H ^ P (n&0 = 0, (3.9) 
which is satisfied provided we make the identification 

H^ up = h^p (3.10) 

and use equation ( [2.15| ). 

The term with one spinorial index is identically zero du to ( |2.17| ) and finally the 
term with no spinorial indices in the Bianchi identity is zero du to the equation 
of motion of h^p and the identification (|3.10| ). 



In brief, the constraints ( |3.1| ) and ( |3.2| ) for the closed super three form H are 
equivalent to the constraints ( |2.5| ): from the superfield we can construct a 
closed super three form verifying (|3.1|) and (|3.2| ), and, conversely, from the con- 
straints ( |3.1[ ) and ( p.2| ) on a closed super three-form, we get a scalar superfield 
verifying 
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4 Sigma model 

In this section, we search for sigma-model generalizations of the constraint 
For (1,0) theories, this was done in ]nj. The five dimensional target space is 
assumed to be described by a moving basis ef($), where I = 1, ... ,5 is a flat 
index of 5*0(5) and i is a curved space index. We generalise the constraint (|2.5| ) 
to have the form 

e'^D^ = ^tfj) a b e J j (*)D ab &. (4.1) 

From (|4.1|) , we can deduce, as in section 2, the transformations of the fields under 
super symmetry, their equations of motions and, in addition, the constraints on 
the geometry of the target space. 

The transformation rule for <p l can be deduced from the 8 = component of the 
equation 

D aa & = e/( 7 J )a 6 * a 6- (4.2) 

In order to get the constraints on the moving basis e 1 ^®), we take the spinorial 
derivative of ( ^4.1| ) to obtain 

e I i ($)DT C D aa & - hci 1 j) a h e J ^D^D^ = f iaca} (4.3) 
where we used the definition 

f-yaca = (\V J ~ j) * e J jjk D JC $ k D ab & . (4.4) 



It is convenient, for the analysis of ( |4.3j ), to use the following decomposition on 
the 5*0(5) gamma matrices 

f -yaca f "foQca f J7«(T )ca f JK^ai^i )ca- (^"^) 



Then equation (|4.3| ), using the decomposition (|2.6j ), gives the following relations 
which replace eqs ( |2.10| ) and ( [2.1 1| ) 

e^D^)^ = f\ ia) , (4.6) 

e IjD K ( la )& = -^VlKe J jDj^ a ^ j + —flK(-ya) ~ J^fKIija), (4-7) 

e^DMNM^ = ^{vMieNj{Y)~/*d^ j -r) NI e Mj {Y) ia d^ j ) (4.8) 

X 2 4 

— ^ IMNf.JK[-ya} + ^(VMI j 'n^o] — VNlfM[-ya]) + -^flMN[-ya], 
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as well as the following constraints on f iaca ' 

f Ija = 0, f(IK)[ya\ = 0, (4.9) 
fl[ja] — 2/ J J/[ 7Cf ], e UKMN fKMN[ya] = ~ 2/ /J [ 7 a], (4-10) 

f 1 MN(-ya) = ~ {—^nIm^o) + V ' M j ? N(-ya)) ~ ~^ JK MN f[ JK] (<ya) • (4-11) 
O O 

The structure of f\ aca given in (|4.4j) implies a number of constraints which are 
identically satisfied. These are given by 

f ja 2/ j 7Q ,, 

/ J-ya — 0, Qf[IMN]^a ~ ^IMN fjK-ya- (4-12) 

So only the second constraint in (|4.9| ) and (|4.11| ) are not identically satisfied. It 
turns out that these two imply that the moving basis must be such 

2 

de 1 A e J + de J A e 1 - -rf J r} KL de K A e L = 0. (4.13) 

5 

It is possible to solve equations ( |4.13| ) to get e 1 = T^dT 1 for some functions S 
and T 7 which means that the target space is conformally flat. By a change 
of coordinates in the target space — > T 1 the theory is transformed to the 
free theory of section 2. So no non-trivial sigma-models are allowed by (2,0) 
sup er sy mmet ry. 



5 Superconformal transformations 

In this section we give a geometrical construction of the superconformal trans- 
formations and determine explicitly the realisation of the generators in the (2,0) 
superspace. 

The flat supersymmetric metric in superspace is given by 

g = %v E»®E\ (5.1) 

Notice that the other term appearing a priori in the (2, 2) superspace, C & ^E a ® 
E 13 , is forbidden by chirality in (2, 0) theories. A supercoordinate transformation 
is generated by an even vector field £ = ^E^ + ^E^ where £^ is even and ^ is 
odd. Under this transformation, the supercoordinates Z M transform as 

56 & = C, (5.2) 

and the metric varies as 

5g = L^g, (5.3) 



7 



where is the Lie derivative with respect to the vector £. A superconformal 
transformation is defined by the requirement that the transformed metric be 
proportional to the initial one, that is 

Sg = a(Z)g, (5.4) 

where a is a priori an arbitrary superfield. The vector field £ is said to be a 
superconformal Killing vector. The use of the relation [Lg, L^] = L^n, where [, ] 
is the Lie bracket, shows that if £ and £' are two superconformal Killing vector 
fields with scales a and a' then [£, £'] is also a superconformal Killing vector with 
scale £(a') — £'(a), so that the set of all £'s forms a Lie algebra. 
In order to determine explicitly the superconformal Killing vectors we first cal- 
culate the variation of the basis super one-forms: 

5E* = fa + i^d)E^ = {d v ^)E v + (D & e + 2(r») & ^)E & , (5.5) 
so the condition (|5.4j) is verified provided 



D & e + 2(T%pf = 0, (5.6) 
d^ v + d v £n = art/a,. (5.7) 

We shall show that the equation ( |5.7| ) is a consequence of Q5.6Q , so that the 
solutions of the latter determine all superconformal Killing vectors. Note that, 
by equation (|5.6|) , ^ is determined in terms of £ M by 

e = -^Y & D & ^. (5.8) 



D & e=-(rn& D^, (5.9) 



This allows to write equation Q5.6|) in terms of £ M as 

1 

6 1 

which is very similar to the constraint of the scalar superfield ( |2.5| ), the vectorial 
structure in 50(5) being replaced by the same one in 5*0(1,5). In order to 
analyse equation ( |5.9j ) it is convenient to decompose the product of two spinorial 
derivatives as 

+ (r MlM2W )[a / 3]£ViA t2 /« + (r MlM2At31 ) [ftflDn^^i , (5.10) 

then taking the spinorial derivative of ( |5.9| ) yields 

^ + ^ = ^ P ev, (5.ii) 

Du[ij]^ = \ D P M^ P Vu^ (5.12) 

^MlM2A»3^4 = [VtHlfll^^Cus] ~~ g e MlM2/i3 1 ^ 3 Vv4 [vi <^2 C^a] J I (5.13) 

Ahww&m = 0. (5.14) 
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The first equation is equivalent to ( |5.7| ) which shows that ( |5.7| ) is contained 
in ( |5.6| ). Let (^(x), (^(x) and C^{ x ) be the 9 = components of £ M , £@ and 
Dp[ij]£ p -> then equations ( [5.11] , f).12[ |5.13|) and (|5.14j) show that the superfield £ M 
is determined in terms of the £'s. These are solutions to the following decoupled 
equations which are consequences of ( 5.11]) 

1 



d,C J = o. 

The solutions to (|5.15|) are the well-known conformal Killing vectors 



+ a^x" + Xx^ + (x 2 r]^ v - 2x^x u )k L 



(5.15) 

(5.16) 
(5.17) 

(5.18) 



where a 



A and are parameters of infinitesimal translations, Lorentz 
transformations, dilatations and special conformal transformations. Similarly, the 
solutions to ( |5.16|) are determined in terms of two constant spinors e and r] (respec- 
tively simplectic-Majorana-Weyl and anti-simplectic-Majorana-Weyl spinors) as 



(5.19) 



e is the parameter of a supersymmetry transformation and rj that of a special 
supersymmetry transformation. Finally the solution of ( 5.17 ) is given by 

1 



c 



(5.20) 



where are constants which represent infinitesimal SO (5) rotations. The com- 
plete 9 expansion of the superfield £ M follows from the solutions (|5.18| , |5.19| , |5.20| ) 
and from the equations ( |5.11| , |5.12| , |5.13| ) after some tedious algebra as 



(5.21) 



In order to have the complete expression of the super conformal Killing vector field 
£ we have to calculate £ a from equation (|5.8j ), the result, after some arrangements 
is 



l -9 9T^C - \v^9 9T,d u ( - jf^M 9T^9 



+-T^9 9T, M 9 d a d°( 



IJ-3 



(5.22) 
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It is also possible to determine the scale a, 

a = \ ~ 20TO M C] • (5-23) 

The Lie algebra of superconformal transformations can be deduced from the 
calculation of the Lie bracket of two super-Killing vectors £1 and £2 which we 
denote by £3. Let the parameters determining the £ a (a = 1,2,3) be given by 
a^„, A a , k%, e a , r\ a and e l J then the parameters of £3 are given by 

O3 — (l-y&iv — 0" 2 0'\v ' — A\Ci 2 — Z61I 62, 

af = 2 (a£A£ - a%k% - a v 2 k^ + a£A£ + e 2 T^ Vl - e x Y^r) 2 ) 

, pV (A pV fl 

A 3 = -2 (ajAf^ - a^u, + ei??2 - e 2 77i), 

^3 = a^&i,, - afA^ + AiA^ - A2&1 - 2f} 1 V tl T] 2 , 

e 3 = ai M r M ?72 - a 2M r^i + ^(£^^€2 - e^r^ei) - i(Aie 2 - A 2 ei) 
-^(a lM ^%-a 2Mi ,r^ ei ), 

4' = 4^-4^-4(61^2-62^). (5.24) 

These relations encode the Lie algebra of superconformal transformations. It can 
be readily verified that this Lie algebra is that of OSp(6,2\2) given in reference 



6 Superconformal invariance 

The vector fields £, in general, do not commute with using the relation (|5.6| ) 
on the Killing vector, the precise commutation relations is given by 

[D & ,Z] = (D & tt)D $ . (6.1) 

This equation shows that under a superconformal transformation the vector fields 
D& are not invariant. However they transform in such a way as not to mix with the 
8^. This could have been also a starting point for the definition of superconformal 
transformations. For future use it is important to explicit the right hand side of 
(|6lD as 
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where D a \ij^ a is given, from ( |5.21| ), by 



D am ? = -120, + ■±oy, j y-<),.x - \ev u v i3 e d a d°C- (6-3) 

From equation ( |6.1D we can easily deduce that the constraint Q2.5|) is not invariant 
under the transformations 5$* = This motivates the introduction of a 

connection A. l j(^) so that the transformation of $ l becomes 

<)A>' Ci'l'') I A'.i^'I". (6.4) 

We shall explicitly construct A(£) later. Here, we examine some of its mathemat- 
ical properties. In fact A is not strictly a connection because in general we do not 
have A(/£) = /A(£), it is only a cochain on the Lie algebra of superconformal 
transformations realised with the superconformal Killing vectors. It is valued in 
the tensor product of the algebra of superfields and the algebra of 5 x 5 matrices. 
This cochain is however not arbitrary. The requirement [5^, Sg] = gives the 
following consistency condition on A(£) 

«A(0) -£'(A(0) - A(K,fl) + [A(0,A(O] = 0, (6.5) 

where we have used a matrix notation for A. In order to make the algebraic mean- 
ing of ( |5.5|) clearer, recall that given a n-cochain on a Lie algebra, g, a(gi, . . . , g n ) 
which is valued in a g-module M. then the Chevalley exterior derivative sa is a 
n+l-cochain given by 

sa(g!, . . .,g n +i) = (-^^dMdi ■ ■ ■ 9% ■ ■ ■ 9n+i) 

l<i<n+l 

+ Yl {~ l Y +3a {[9h9j\9i---9i---9j---9n+i)- (6.6) 

l<i<j<n+l 

where the notation §i means that the element gi has been omited. The Chevalley 
exterior derivative verifies s 2 = and the graded Leibniz rule. This allows to 
write condition ( |6.5| ) as 

sA + A 2 = 0, (6.7) 

where the exterior product of two cochains is defined in a way similar to the 
exterior product of two forms. The algebraic interpretation of condition (|6.5| ) is 
thus that A has vanishing curvature. A particular solution to (|6.7|) is given by a 
"pure gauge" 

A = /TV, (6-8) 
where (3 is a 0-cochain. Equation ( |6.8| ) reads explicitly 

H0 = p~ 1 m- (6.9) 
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Note that if A is a pure gauge then if we define $' by /5$ we get <5<3>' = 

so that a rescaling of the superfield allows the elimination of A. We shall show 

below that the correct A is not a pure gauge but has vanishing curvature. 

In order to explicitly determine A(£), we demand that if $ verifies the con- 
straint ( |2.5| ) then so does 5$ = £(<£>) + A(£)$. This is true provided 

D&A^ - - A {Y l k )^D^ k 3 = 0, (6.10) 

(l l 3 )aD ab e C - D aa e\Yj) b C - ((Yk)a C A k j - A\(7 fc ,)a C ) <$ cP = 0- (6.11) 

By replacing in equation (|6.11|) by its expression ( |6.2|) we determine A^- up 
to an arbitrary function x as 

Kj = ~D m C + rHjX- (6-12) 

This expression shows that A is actually valued in the Lie algebra of u(l) ©so(5) 
rather than gl 5 . The function x is calculated with the aid of equation (|6.10| ) 
after using the explicit expression of D v u^ given in ( |6.3| ) as well as its spinorial 
derivative which is given by 

I)J) nlJ C 2(V'T IJ ) nd <) l ,C. (6.13) 
The resulting expression for x turns out to be very simple 



X = \d»e + X = a + X', (6.14) 



where A' is an arbitrary constant which has to be set to zero in order to have 
A(0) = 0. Finally, we are in position to deduce the complete expression for the 
1- co chain Ajj as 

A y (0 = 4Cij - j^r^r^c + ^ev^ed^c + (6.15) 

The above expression for A shows clearly that it is a non-trivial zero- curvature 
1-cochain because it cannot be written as a "pure gauge" -cochain of the form 
( |6.9| ). It remains to check that A indeed verifies the consistency condition ( |6.7| ). 
Note first that the u(l) part of (|6.7|) reads 

s X = 0, (6.16) 

which is true because x is given by equation ( |6.14|) and a is closed : a([^, £']) = 
— £,'{ a i0)- The antisymmetric part of A has also a vanishing curvature. 
This can be verified by a direct calculation using (|5.24 ) but a more simple way 
is to examine the transformation property of the super three-form. 
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We shall show that the simple geometrical transformation 



SH = L^H (6.17) 

leaves the constraints ( |3.1| ) and ( |3.2| ) invariant. Note first that the transformation 
of the moving basis does not involve the spinorial basis E a , so the constraint 
( |3.1|) is left invariant by ( |6.17| ). The transformation of the fiafi components of H 
under ( |6.17| ) reads 

«W = i{H^) + H^d.C + H^ S D^ + n^JK.C (6.18) 



The use of relation ( |6.2[ ) allows to write 

«W = M^*, (6.19) 

with <5$ l given by 

5& = £($ l ) + I (d^& - DjjC&) ■ (6.20) 

Relation ( |6.19| ) shows that the constraint ( |3.2| ) is left invariant by the transfor- 
mation (|6.17|) . In addition we can identify the transformation of which agrees, 
as it should, with the previously calculated one. This geometrical construction 
of A assures the vanishing curvature property du to the Lie structure of the 
transformations of the three-form H. 



7 Conclusion 

We have given two equivalent formulations of the tensorial multiplet of 6D (2,0) 
theories. We have illustrated the rigidity of (2,0) supersymmetries by showing 
the triviality of the sigma-model. We note here that this triviality can be un- 
derstood from the super three-form point of view; indeed, the generalization of 
the constraints ( |3.2| ) to a curved target space manifold, H & = (T^j)^ e I i e l j^ J 
does not lead to an interacting sigma-model. 

Note that the five scalars <p l describe the transverse fluctuations of the five- 
brane. The constraint ( |2.5|) coincides with the equation obtained in || using the 
superembedding formalism applied for a five-brane in a super-flat background, 
in the physical gauge and in the linearised approximation. This suggests the 
existence of a formulation of the full non-linear equations of motion of the five- 
brane which is analogous to the one presented in section 3 and which is based 
on constraints on a three-form in a non super-flat background. We hope to come 
back to this issue in more details elsewhere. 

We have also realised the superconformal transformations as derivations in su- 
perspace. This gives a geometric construction of the superconformal Lie algebra 
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compared to the algebraic one presented in Moreover, this allows to realise, 
in a manifestly supersymmetric way, the transformation of the supermultiplet. 
This gives an alternative proof to the one relying on the component formalism 
presented in |Tj| that the linearised equations of motion of the five-brane are 
superconformally invariant. 

We have found that the transformation of the three-form involves only coor- 
dinate reparametrisations whereas, for the scalar superfield, the introduction of 
a cochain is in addition needed. This suggests that the formulation in terms of 
super three-forms may be helpful in the construction of superconformal interact- 
ing theories and shed some light on the conjecture || relating them to M-theory. 
In this respect, recently it has been shown [19| that the bosonic action for M- 
theory five-branes in their near horizon background have a non-linearly realised 
conformal invar iance. Our results may be useful in extending this invariance to 
a superconformal one. 



A Conventions 

In this Appendix we collect our conventions and notations. The 6D (2,0) super- 
symmetry algebra is conveniently described as a chiral truncation of the reduction 
of the 11D algebra. The 11D superalgebra reads 

{Q a ,Q^} = 2(TC)^P A , (A.l) 

where a — 1, ... , 32, fx = 0, ... 10 and C & z is an antisymmetric matrix verifying 

C- l T»C = -T AT (A.2) 

The reality condition on 11D fermions reads 

* = 0\I> T , (A.3) 

or equivalently 

where C a/3 is the inverse of C & &. We shall use C to raise and lower indices and 
the notation (T^)^ for (T^C)^. Under reduction to six dimensions the spinorial 
index a decomposes as era where a is an 50(5, 1) spinorial index and a an 5*0(5) 
spinorial index. A representation of the Gamma matrices is conveniently given 
by 

r" = Y ® 1, T 5+i = 7 ® 7 *, (A.5) 
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where /i and i are respectively six and five dimensional vector indices, and 7 is 
the chirality matrix in six dimensions: 

7 = 7 ... 7 5 . (A.6) 

We shall also denote r 5+l by P. In this representation the charge conjugaison 
matrix C may be written as 

C = C®VL, (A.7) 

where C is symmetric and verifies 

<T V<? = -7 M T , (A.8) 
whereas Q is antisymmetric and verifies 

fi-yn = y T . (A.9) 

Spinorial indices of 5*0(5, 1) and 50(5) can be raised and lowered with repctively 
C and Q. The reduction of the algebra (|A.1|) to six dimensions leads to the (2,2) 
algebra 

{Q + ,Q + } = 2irVP M n + , (A.10) 

{Q-,Q + } = 211-7^11+ (A.ll) 
{Q-,Q-} = 2ir 7 ^n-, (A.12) 

where the five- dimensional momentum appears as a central charge, and IP 1 are 
the projectors on fermions of a given six- dimensional chirality. The (2,2) algebra 
is invariant under the transformation Q~ — ► —Q~, c — * — c. Modding out with 
respect to this symmetry leads to the desired (2,0) algebra. This is obtained by 
setting Q~ = c l = in the above formulae. As is evident from its construction 
this algebra has a Spin(5) = Sp(2) R-symmetry. The 11D Majorana fermion 
becomes a Spin(5) Majorana-Weyl six dimensional fermion : 

* = 0^ T , (A. 13) 

which reads in components 

y a = n ab CV bT . (A. 14) 

The antisymmetrised product of n gamma matrices is denoted by r^ 1 "' 1 ". We 
have 
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from which we get 



(]\n{n+\)/2^ni...ii n Q 



(A.16) 
(A.17) 



A useful relation is the Fierz rearangement formula which reads for four Weyl- 



Majorana fermions |20 



- £ 



m=o,2 CniCna 



(c 1 r^..*npi~<- 9 n + c4) (e 3 r m ... M „ i r, 1 ... in2 n+e 2 ) 



n 2 =0,l,2 

(m + e 2 ) (e 3 n-e 4 ) = 

E (- 2 (eir^r-^n-e 4 ) (e 3 r, 1 r n ..., ri2 n + 6 2 ) 

7*2=0,1,2 ™ 2 

+ (^r^^r-^rr^) (e 3 r Mra r n ...,„ 2 n + e 2 )) (A.is) 

with coefficients c n and c n given by 

Cn = 8(-l) n(n - 1)/2 and 5 n = 4(-l)" (n - 1)/2 . (A.19) 

Using the Fierz rearangement for commuting spinors E and F, we get the useful 
relations 



(ET tli E)(ET fi E) = 0, 



(A.20) 



and 



(FT ^E) (EVE) + (ET l E)(ET^E) = 



(A.21) 
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